Using comparative genomic hybridization (CGH), we have previously demonstrated frequent loss of 8p, especially its distal part, in ovarian carcinoma. To compare the deletion map of distal 8p in serous and mucinous ovarian carcinomas, we performed allelic analysis with 18 polymorphic microsatellite markers at 8p21-p23. In serous carcinoma, loss of heterozygosity (LOH) was detected in 67% of the samples, and the majority of the carcinomas showed loss of all or most of the informative markers. In contrast, only 21% of mucinous carcinomas showed allelic loss, with only one or two loci showing LOH in each sample. In serous carcinomas, LOH was associated with higher grade tumors. Three distinct minimal common regions of loss could be defined in serous carcinomas (at 8p21.1, 8p22-p23.1, and 8p23.1). Expression of a transcription factor gene, GATA4, located at one of these regions (8p23.1) was studied in serous and mucinous ovarian carcinomas by Northern blotting and immunohistochemical staining of tumor microarray. Expression was found to be lost in most serous carcinomas but retained in the majority of mucinous carcinomas. Our results suggest distinct pathogenetic pathways in serous and mucinous ovarian carcinomas and the presence of more than one tumor suppressor gene at 8p involved in the tumorigenesis of serous carcinoma. (Lab Invest 2001, 81:517-526).
O varian carcinoma originates in the gonadal surface epithelium and occurs in various forms including serous, mucinous, endometrioid, and clear cell histologies. Serous carcinoma is the most common form, comprising about 55% of ovarian carcinomas, whereas mucinous and endometrioid types account for about 10% to 15% each. All subtypes manifest as adnexal masses and currently their diagnosis, treatment, and follow-up is carried out according to the same principles. However, the risk factors and biological behavior of the various subtypes differ in many respects (Makar et al, 1995; Omura et al, 1991; Risch et al, 1996) , suggesting that they could be distinct entities. This view is further supported by molecular data indicating that distinct genetic events are involved in the development of different histological subtypes of ovarian carcinoma. For example, K-ras mutations are frequent in mucinous carcinomas but are uncommon in serous carcinomas (Enomoto et al, 1991) . Mutations of p53 are typical of serous carcinomas, but rare in other histological subtypes (Milner et al, 1993) . Frequent PTEN/MMAC mutations have been found in endometrioid carcinomas but not in serous or mucinous ovarian carcinomas (Obata et al, 1998) .
Loss of genetic material at several chromosomal regions, as detected by karyotyping, comparative genomic hybridization (CGH), and allele analysis, is frequently observed in ovarian carcinoma, suggesting the involvement of multiple tumor suppressor genes in ovarian carcinogenesis (Cliby et al, 1993; Jenkins et al, 1993; Pejovic et al, 1992; Pere et al, 1998; Sato et al, 1991; Tapper et al 1997; Yang-Feng et al, 1993) . However, remarkably few tumor suppressor genes have turned out to be defective in ovarian carcinoma (Milner et al, 1993; Obata et al, 1998) . The short arm of chromosome 8 is a site of frequent allelic loss in ovarian as well as in other carcinomas (Adélaide et al, 1998; Brown et al, 1999; Cliby et al, 1993; Farrington et al, 1996; Sato et al, 1991; Vocke et al, 1996; Wistuba et al, 1999; Wright et al, 1998; Yang-Feng et al, 1993) , but so far no consistent tumor suppressor gene has been identified there.
The aim of this study was twofold. First, to address the suggested molecular dissimilarity of ovarian car-cinoma subtypes, we compared the allelotypes of serous and mucinous carcinomas at 8p21-p23, the site of frequent loss of genetic material in ovarian carcinoma as judged by CGH analysis (Pere et al, 1998; Tapper et al 1997) . When needed, microdissection was used to obtain carcinoma cell-specific DNA for the analysis. Second, because loss of heterozygosity (LOH) at distal 8p was almost exclusively detected in the serous subtype, the analysis was extended on a total of 62 serous carcinomas to define the putative tumor suppressor locus/loci more precisely. Three minimal common regions of loss were identified in serous carcinoma. The expression profile of the transcription factor gene GATA4, residing in one of them, was studied in serous and mucinous ovarian carcinomas by Northern blotting and immunohistochemical staining of tumor microarray.
Results

LOH at 8p in Serous versus Mucinous Ovarian Carcinomas
To compare the deletion map of the distal part of chromosome 8p in serous and mucinous ovarian carcinoma, we performed allelic analysis using 18 polymorphic microsatellite markers at 8p21-p23. The samples were informative on average at 13 loci (range 9 -17). Of the 61 serous carcinomas included in the study, 41 (67%) showed LOH at one or more loci on 8p, and half of them showed LOH at all informative markers. In mucinous carcinomas, the pattern of LOH was clearly different. Only 3 of 14 (21%) mucinous carcinomas showed LOH, each at one or two loci: Sample 249 at marker D8S1140, Sample 783 at D8S1721, and Sample 792 at D8S552 and D8S560. The difference in the number of cases showing LOH in serous versus in mucinous carcinomas was statistically significant (p ϭ 0.0025). The mean percentage of LOH of informative alleles in serous carcinomas was 50%, and in mucinous carcinomas it was 1.9% (p ϭ 0.0008). Mucinous carcinomas were mostly Grade 1 and 2, whereas half of the serous carcinomas were Grade 3 (see "Materials and Methods"), which difference is due to the inherent biology of these two subtypes. When only Grade 1 and Grade 2 tumors were taken into account, the difference in the percentage of LOH of informative alleles still remained significant (37% vs 2.2%; p ϭ 0.029). Also the stages of the serous carcinomas were higher than of the mucinous tumors. However, when only Stage I and Stage II tumors were analyzed, the difference between the groups still remained significant (53% vs 2.1%; p ϭ 0.0016).
Microsatellite instability was detected in four serous tumor samples: in Cases 852, 223, and 412 only at one marker and in Case 210 at several markers. Because of a possible mismatch-repair-system deficiency, Case 210 was excluded from the analysis. In mucinous carcinomas one tumor sample (Case 783) presented with one microsatellite instability-positive allele.
Three Minimal Common Regions of Loss in Serous Carcinoma
Because LOH at 8p was mainly detected in serous carcinomas, we analyzed a total of 62 serous carcinoma samples to define the supposed tumor suppressor locus or loci involved in the genesis of serous ovarian carcinoma. Of these carcinomas, 21 samples (34%) showed LOH at all the informative loci and were not useful for more detailed deletion mapping. The results of LOH analyses in the 20 serous carcinomas (30%) showing partial or interstitial deletions are summarized in Figure 1A . Three distinct minimal common regions of deletion could be defined: R1 around marker D8S499, between D8S1810 and D8S1771 (8p21.1), R2 around marker D8S552, between D8S1731 and D8S640 (8p22-p23.1), and R3 between markers D8S520 and D8S277 (8p23.1). All the tumors with partial losses showed deletions including one, two, or all three of these common regions of loss. Four cases (223, 486, 793, and 828) showed LOH only at marker D8S499, one case (984) only at D8S522, and one case (779) only at D8S1721. One case (1121) showed LOH at markers D8S552, D8S771, and D8S499 only and retained heterozygosity at marker D8S261 in between them. Several cases (484, 729, 733, 775, 818, 1105, 1106, and 1164) showing deletion of two or three of the minimal common regions of loss had markers between the regions that retained heterozygosity. Markers D8S261 and D8S520 showed the highest rate of retention of both alleles, and they were localized between the minimal common regions R1 and R2, and between R2 and R3, respectively. Figure 1B . shows an example of LOH results in a tumor where a part of chromosome 8p had been lost (Case 1121).
Clinicopathological Characteristics and LOH at 8p
In serous carcinomas, LOH at 8p was detected in 36% of Grade 1 tumors, in 68% of Grade 2 tumors, and in 77% of Grade 3 tumors (p ϭ 0.029). There was no correlation between LOH and stage of the serous tumor. In mucinous carcinomas, these clinicopathological parameters did not show an association with LOH.
Northern Blot Analysis of GATA-4
To characterize the expression of GATA-4 in mucinous and serous ovarian tissue samples, Northern analysis was performed. GATA-4 mRNA expression was detected in 16 of 26 (62%) mucinous and in 4 of 33 (12%) serous carcinoma specimens studied (p Ͻ 0.0001). Examples of GATA-4 mRNA expression in mucinous and serous carcinomas are shown in Figure 2 .
Immunohistochemistry of GATA-4 by Tissue Microarray
To evaluate expression of GATA-4 at the protein level immunohistochemical staining of GATA-4 was performed on ovarian carcinoma tissue microarray containing 75 mucinous and 528 serous ovarian carcino- Figure 3 . In the normal ovary, GATA-4 was localized in the nuclei of surface epithelial cells. Particularly the cuboidal and columnar cells on the surface and in the inclusion glands were strongly immunoreactive. Positive nuclear staining of GATA-4 in carcinoma cells was present in 66% (49/75) of mucinous carcinomas and half of these cases showed moderate to strong immunostaining. However, most of the serous carcinomas had lost GATA-4 expression. Only 2.3% (12/528) of serous tumors showed positive immunostaining of carcinoma cells. The difference in the frequency of GATA-4 protein expression between mucinous and serous ovarian carcinomas was statistically highly significant (p Ͻ 0.0001) and it remained significant when only low grade (1-2; p Ͻ 0.0001) or low stage (I-II; p Ͻ 0.0001) tumors were taken into account. Positive immunostaining was noted in the nuclei of stromal cells in some of the samples (normal ovary, serous, and mucinous carcinomas), which is in accordance with our earlier results in the murine and human ovary (Heikinheimo et al, 1997; Laitinen et al, 2000) .
In mucinous carcinomas, GATA-4 staining correlated negatively with the grade and the stage of the tumors, ie, higher grade and higher stage tumors showed more often negative GATA-4 staining (p ϭ 0.016 for grade, p Ͻ 0.0001 for stage). In serous carcinomas, there was no association between GATA-4 staining and grade or stage of the tumors.
Forty-one of the 61 serous and 10 of the 14 mucinous tumors analyzed for LOH at distal 8p were included in the tumor microarray (Table 1 ). All the serous cases showing allelic loss of the whole distal 8p had lost GATA-4 protein expression, and only 1 of 7 cases showing partial deletions including GATA-4 region presented with positive GATA-4 staining. Of the 19 serous cases showing no LOH at distal 8p, only 2 were positive for GATA-4 staining. In mucinous carcinomas 2 cases showed allelic loss at one marker located at R3 (249 at D8S1140, 783 at D8S1721), and both of these cases were positive for GATA-4 immunostaining. The 7 of the 8 mucinous carcinomas showing no LOH at distal 8p had positive GATA-4 staining and, in one, staining was not interpretable. Different sample material was used for Northern blot analysis so comparison of mRNA expression data with LOH and protein expression results in each sample was not possible.
Discussion
The present results show that serous and mucinous ovarian carcinomas clearly differ with respect to the frequency and pattern of LOH at the distal part of the short arm of chromosome 8. In serous carcinoma, LOH was detected in 67% of the samples, whereas only 21% of mucinous carcinomas showed allelic loss. In serous carcinoma the typical aberration was loss of all or most of the informative markers, indicating loss of the entire distal 8p or large parts of it. In mucinous carcinomas, only one or two loci were affected in the three samples showing LOH, and the deleted markers were different in each sample, suggesting that they could be incidental. In many of the previous LOH studies on ovarian carcinoma, no differences have been detected between the histological types (Brown et al, 1999; Cliby et al, 1993; Wright et al, 1998; Yang-Feng et al, 1993) , probably because only a few mucinous tumors have been included in these studies. However, in one allelotype study concerning all autosomal chromosome arms, there was a higher overall frequency of LOH in serous than in mucinous carcinomas (Sato et al, 1991) , and LOH at 17p has been found to be typical of serous carcinoma but rare in mucinous carcinoma (Papp et al, 1996; Pierretti et al, 1995) . The present results are in agreement with the increasing molecular genetic (Enomoto et al, 1991; Milner et al, 1993; Obata et al, 1998) , subchromosomal (Tapper et al, 1997) , and chromosomal (Diebold et al, 1997) evidence of distinct pathways of carcinogenesis in different histological types, notably serous and mucinous, of ovarian carcinoma.
Loss of heterozygosity at 8p has been considered to be an early event in carcinogenesis, as suggested by allelic losses detected in prostate intra-epithelial neoplasia, in situ ductal carcinoma of the breast, and preneoplastic bronchial epithelium (Anbazhagan et al, 1998 ; Emmert-Buck et al, 1995; Wistuba et al, 1999).
However, LOH at 8p has also been found to associate with advanced stage tumors in ovarian and breast carcinomas (Brown et al, 1999; Wright et al 1998; Yokota et al, 1999) . We found an association of LOH at 8p with tumor grade, but not with tumor stage. The diversity of the information obtained on allelic loss at 8p and clinicopathological parameters in ovarian and other tumor types suggests the presence of several tumor suppressor genes at this chromosomal arm involved in different phases of tumor development.
The frequency of LOH we observed (67%) is higher than previously reported at 8p (26 -58%) and among the highest observed at any of the chromosomal arms in ovarian carcinoma (Brown et al, 1999; Cliby et al, 1993; Sato et al, 1991; Wright et al, 1998; Yang-Feng et al, 1993) . However, previous studies have combined different histological types of ovarian carcinomas, whereas our result is based on serous tumors only. Previously, microsatellite instability (MSI) has been reported at a frequency of 50% in endometrioid ovarian carcinoma, but only 8% of serous tumors have shown MSI phenotype (Fujita et al, 1995) . We found that only one serous tumor out of 62 exhibited instability of several microsatellites, thus meeting the criteria of an MSI phenotype (Boland et al, 1998) . This suggests that mismatch-repair-system deficiency, whether inherited or sporadic, does not have a significant role in the molecular pathogenesis of serous ovarian carcinoma.
Three distinct minimal common regions of deletion could be defined by constructing a deletion map of the 20 serous tumors presenting with partial losses at distal 8p: R1 between D8S1810 and D8S1771 (8p21.1), R2 between D8S1731 and D8S640 (8p22-p23.1), and R3 between D8S520 and D8S277 (8p23.1). The results of previous LOH studies on 8p in ovarian carcinoma have been somewhat conflicting. One study reported three regions of overlapping deletions (two in 8p23 and one in 8p22) with 16 microsatellite markers in 9 tumors (Wright et al, 1998) , whereas in another study involving 40 epithelial ovarian tumors and 6 microsatellite markers at 8p12-p22, the highest frequency of allelic loss was found at D8S136 (8p21) (Brown et al, 1999) . The distal and middle regions of overlap in the study by Wright et al (1998) correspond to the R3 and the R2 regions in our study, respectively, and the proximal region is between R1 and R2 found in our study. The marker with highest frequency of LOH (D8S136) in the work by Brown et al (1999) is located between R1 and R2 detected in our study. In the two earlier studies, various histological subtypes of ovarian carcinoma have been analyzed in combination, and this makes a direct comparison of the results difficult. In neither of these studies was there an association between LOH at 8p and histological subtype of the tumor, which is probably due to the small number of mucinous tumors included. In these studies altogether, three mucinous carcinomas were analyzed and none of them showed LOH at 8p, whereas 33 of the 53 (62%) serous carcinomas presented with allelic loss at this region (Brown et al, 1999; Wright et al, 1998) . Taken together,
Figure 2.
An example of GATA-4 mRNA expression in mucinous (A) and serous (B) ovarian carcinoma specimens (n ϭ 12). Fourteen micrograms total RNA from different tumor samples were subjected to Northern hybridization analysis with 32 P-labeled GATA-4 cDNA probe. Glyceraldehyde-6-phosphate dehydrogenase (GAPDH) transcripts are shown as a control for even loading.
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the complex pattern of allelic loss found in the present study and the literature suggests the presence of more than one tumor suppressor gene at distal 8p in ovarian carcinoma and especially in its serous histological type.
High-density mapping studies have defined several distinct minimal common regions of loss at 8p in various carcinomas, indicating the presence of two or more tumor suppressor genes (Adélaide et al, 1998; Farrington et al, 1996) . However, only a few or no mutations have been found in the candidate genes at this region and no consistent tumor suppressor gene has been established at 8p to date. The most proximal minimal common region of loss in our study (R1), located at 8p21, is included in the commonly deleted regions in prostate, colon, and breast carcinomas (Adélaide et al, 1998; Farrington et al, 1996; Vocke et al, 1996) . Deletions affecting more telomeric parts of 8p have also been reported in several types of carcinoma, including breast and lung carcinomas (Anbazhagan et al, 1998; Wistuba et al, 1999) , which correspond to the R2 and R3 regions at 8p22-23.1 in our study. Three candidate tumor suppressor genes, PRLTS (platelet-derived growth factor [PDGF]-receptor beta-like tumor suppressor), N33, and EXTL3, have been isolated at 8p12-p22, but they are located outside the R1 and R2 regions in the present report (Fujiwara et al, 1995; MacGrogan et al, 1996; Van Hul et al, 1998) . Another putative tumor suppressor gene, DLC1 (deleted in liver cancer), located at 8p21.3-p22, showed no mutations in 33 ovarian carcinomas . Consequently, the genes mentioned above are unlikely to be the primary suspects as regards the losses we detected.
CGH and allelic analyses serve to narrow the regions of interest in the genome, but the identification of relevant genes is based on mutation, expression, and functional studies. GATA4 gene was chosen for mRNA and protein expression studies because it fulfills many features of a tumor suppressor gene putatively involved in the genesis of ovarian carcinoma. GATA4 gene is located at one of the minimal common regions of loss detected in our study (R3 at 8p23.1) and was known to be expressed in the nontransformed surface epithelium of mouse ovary (Heikinheimo et al, 1997) . It is a zinc finger transcription factor that recognizes the consensus GATA motif present in the promoter of many genes involved in the differentiation and proliferation of a variety of tissues including the ovary (Evans, 1997) . We detected GATA-4 expression in the normal surface epithelium of the ovary and in over 60% of mucinous carcinomas. However, most of the serous carcinomas had lost GATA-4 expression: only 12% and 2.3% of serous tumors showed positive mRNA and protein expression, respectively. There are several studies of the role Hematoxylin-eosin and immunohistochemical staining of GATA-4 on normal ovary and serous and mucinous carcinoma specimens on tissue microarray (original magnification, ϫ20 and ϫ100 in the inserts). A to C, Hematoxylin-eosin staining of normal ovarian tissue, mucinous carcinoma, and serous carcinoma, respectively. Immunoperoxidase staining shows GATA-4 protein in the nuclei of normal ovarian surface epithelial cells (D) and in those of mucinous carcinoma cells (E). Scant positive immunostaining of stromal cells is seen both in the normal ovary and mucinous carcinoma. In serous carcinoma, GATA-4 is absent from the tumor cells (F), and positive staining is found only in the stromal cells. of GATA-4 in organ development and tissue differentiation, but little is known about its function in tumorigenesis. Amplification of 8p22-p23 containing GATA4 gene was noted in a subset of esophageal (13.6%) and gastric cardia (12.5%) adenocarcinomas (Lin et al, 2000) , but on the other hand, GATA-4 expression was lost in 4 of 11 gastric carcinoma cell lines (Bai et al, 2000) . The role of GATA-4 in the pathogenesis of ovarian and other carcinomas remains to be determined. Of interest is the finding that, according to transactivation studies, GATA-4 directly regulates the expression of Müllerian inhibiting substance (Viger et al, 1998) and inhibin-␣ (Ketola et al, 1999) , both putative tumor suppressor genes belonging to the TGF-␤ superfamily.
LOH at Chromosome 8p in Ovarian Carcinoma
Forty-one serous and 10 mucinous carcinomas were analyzed for both LOH and GATA-4 protein expression. All mucinous carcinomas showing no LOH at R3 (D8S520 -D8S277) expressed GATA-4 protein (except one in which immunostaining was not interpretable). Two mucinous carcinomas showed LOH at one R3 marker each, but they still expressed GATA-4, which suggests that the deletions in these tumors may not include GATA4 locus or that the other allele is still active. Twenty-one of 22 serous carcinomas showing allelic loss at R3 had lost GATA-4 expression. Seventeen of 19 serous tumors showing no LOH at this region were also negative for GATA-4 expression. In these tumors small deletions may reside between the markers used in the study or the mechanism of down-regulated expression may not involve allelic loss. Inactivation of a tumor suppressor without allelic loss is seen for example in MSI-positive sporadic colorectal carcinoma, where hMLH1 is frequently inactivated by biallelic hypermethylation of the gene's promoter or by mutation of one allele and hypermethylation of the other allele (Wheeler et al, 1999) . In the future, knowledge of the genomic sequence of the commonly lost regions will enable mutation and other analyses of GATA4 and other genes at distal 8p in serous ovarian carcinoma.
In conclusion, we found frequent allelic loss at 8p21-p23 in serous but not in mucinous ovarian carcinomas. In serous carcinoma, three distinct minimal common regions of loss could be defined. As a rule, expression of the transcription factor gene GATA4, located at one of these regions (8p23.1), was found to be lost in serous but retained in mucinous carcinomas. However, the complex pattern of allelic loss suggests the presence of more than one tumor suppressor gene at distal 8p in serous ovarian carcinoma. Further research is needed to characterize the role of GATA4 and to identify other putative suppressor genes located at this region in serous ovarian carcinoma. Our finding that serous and mucinous ovarian carcinomas differ with respect to molecular changes at distal 8p indicates different mechanisms of tumorigenesis in these histological types of ovarian carcinoma. Appropriate categorization of ovarian carcinoma into biologically meaningful entities is a prerequisite for successful development of novel therapeutic and other intervention modalities in the future. 
LOH, loss of heterozygosity. a ϩ, allelic loss detected at R3 (D8S520-D8S277); Ϫ, no allelic loss at R3. b Ϫ, negative GATA-4 immunostaining; 0, not interpretable; ϩ, weak positive immunostaining; ϩϩ, moderate/strong positive immunostaining of carcinoma cells.
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Materials and Methods
LOH
Tumor Samples, Microdissection, and DNA Extraction. Tumor and blood samples were taken from 76 patients undergoing primary surgery for ovarian carcinoma at the Department of Obstetrics and Gynecology, Helsinki University Central Hospital. The tumors were staged according to the classification scheme of the International Federation of Gynecologists and Obstetricians (FIGO). All the specimens were reviewed by the same investigator (RB) as regards histological subtype and grade. There were 14 tumor samples of mucinous and 62 samples of serous histology. Of the mucinous carcinomas, 13 were Stage I and one was Stage II. Seven mucinous tumors were Grade 1, five were Grade 2, and two were Grade 3. Of the serous carcinomas, 14 were Stage I, 5 were Stage II, 38 were Stage III, and 5 were Stage IV. Twelve serous tumors were Grade 1, 19 were Grade 2, and 31 were Grade 3.
After removal, the tissues were snap-frozen. The proportion of carcinoma cells in the samples was evaluated by microscopy, and only tissue samples estimated to contain more than 40% to 50% of tumor cells were included in the study. In mucinous carcinomas, as a rule, the amount of nonneoplastic cells was high, and a laser microbeam microdissection technique (Schütze and Lahr, 1998) was used to increase the "purity" of the samples before DNA extraction. In the serous carcinomas the amount of contaminating stromal cells was low, and no microdissection was needed for these samples. Tumor DNA and normal DNA were extracted from fresh-frozen tumor samples and from blood lymphocytes, respectively, according to a proteinase K-phenol-chloroform method.
Microsatellites. A set of 18 highly polymorphic microsatellite markers was used to determine LOH status at the distal part of the short arm of chromosome 8 (8p21-p23). Primer sequences and reaction conditions for dinucleotide markers were obtained from the Genethon (http://ftp.genethon.fr) human linkage map (D8S258, D8S261, D8S262, D8S277, D8S283, D8S520, D8S552, D8S560, D8S1721, D8S1810, D8S1824, D8S1731, D8S1771, and D8S1781). Tetranucleotide markers came from the Genome Database (http://gdbwww.gdb.org) (D8S499, D8S640, D8S1107, and D8S1140). The genetic order of the markers was based on the Genethon map (Fig. 1A) . According to GeneMap'99, the most probable location of GATA4 is between the markers D8S520 and D8S277 (distance 11.3 cM), which were included in the present study. The oligonucleotides were labeled fluorescently with one of three dyes (6-FAM, TET, HEX; Institute of Biotechnology, University of Helsinki, Finland). A fourth dye (TAMRA; Perkin-Elmer, Foster City, California) was reserved for the size standard.
PCR. The PCR reactions for fluorescent markers were carried out in a volume of 10 l and included GeneAmp 1 ϫ PCR buffer (Perkin-Elmer), each dNTP at 50 mol/l, 60 ng DNA, 0.5 U AmpliTaq Gold polymerase (Perkin-Elmer), and 5 pmol of each primer (one of them fluorescently labeled). Of the microdissected samples, 5 to 10 ng of DNA was used for the PCR reaction. The reaction mixtures were given 30 to 35 cycles of 5 seconds at 96°C, 59 seconds at 92°C, 1 minute 15 seconds at 55°C, and 45 seconds at 72°C, preceded by a 10-minute hot start at 96°C for enzyme activation and followed by final extension at 72°C for 30 minutes.
Electrophoresis and Allele Scoring. The 18 fluorescent products for each template were pooled in two groups, each consisting of 9 l. Overlapping size ranges of products with the same label could be avoided by combining loci D8S258, D8S262, D8S277, D8S522, D8S560, D8S1107, D8S1781, D8S1810, and D8S1824 in one group, and loci D8S261, D8S283, D8S499, D8S520, D8S640, D8S1140, D8S1721, D8S1731, and D8S1771 in the other group. One l of this mixture was added to 12.5 l formamide and 0.5 l TAMRA 500 size standard and denatured at 96°C for 3 minutes before loading the samples into an ABI Prism 310 Genetic Analyzer (Perkin-Elmer), which introduces the samples into a polymer-filled capillary for electrophoresis. As the labeled samples travel through the capillary, they are excited by the laser and the emitted light is detected and analyzed by GeneScan software (Perkin-Elmer). Finally, Genotyper software (Perkin-Elmer) was used for allele scoring and assessment of LOH. Each fluorescent peak was quantified in terms of size (base pairs), peak height, and peak area. The peaks of the normal DNA sample were used to determine whether the sample was homozygous (one peak only) or heterozygous (two peaks). The sizes of the allele peaks were assigned according to the area under the highest peak. When two alleles were present in normal tissue and one was absent in the tumor, the result was determined to be LOH and no further calculation was performed. In cases where the assessment was not clear-cut, the ratio of alleles was calculated for each normal and tumor sample, and the tumor ratio was divided by the normal ratio, ie, T2:T1/ N2:N1 (T1 and N1 are the area values for the shorter length alleles, and T2 and N2 are the values for the longer length alleles, for tumor and normal tissue respectively). If the ratio was less than 0.6 or greater than 1.67, then one of the alleles had decreased more than 40% and the result was determined as LOH (Canzian et al, 1996) . In ambiguous cases, the PCR, electrophoresis, and scoring were repeated.
GATA-4 Northern Analysis
RNA from ovarian carcinoma samples was extracted and Northern blotting was performed as previously described (Laitinen et al, 1997) . As probes for filter hybridizations, we used a human GATA-4 cDNA (White et al, 1995) and a rat glyceraldehyde-6-phosphate dehydrogenase (GAPDH) cDNA (Laitinen et al, 1997) . The cDNAs were labeled with [ 32 P]-␣-deoxy-CTP and a Prime-a-gene kit (Promega, Madison, Wisconsin). Expression of GATA-4 mRNA was studied in 33 serous and 26 mucinous ovarian carcinoma specimens. 
Ovarian Carcinoma Tissue Microarray
Formalin-fixed and paraffin-embedded tumor specimens from years 1964 to 1999 and control normal ovarian surface epithelium were obtained from the archives of the Department of Obstetrics and Gynecology, Helsinki University Central Hospital. The specimens included 528 serous and 75 mucinous primary ovarian carcinomas and 20 normal ovarian samples. All tumors and controls were reviewed by one pathologist (RB). The grade and stage distribution of serous carcinomas was as follows: Grade 1 (41%), Grade 2 (23%), Grade 3 (36%), and Stage I (26%), Stage II (11%), Stage III (50%), and Stage IV (13%). The distribution in mucinous carcinomas was as follows: Grade 1 (71%), Grade 2 (25%), Grade 3 (4%), and Stage I (77%), Stage II (4%), Stage III (17%), and Stage IV (1.3%).
The tissue microarrays were constructed as described previously (Kononen et al, 1996) . In brief, a representative tumor area was selected from hematoxylin-eosin-stained sections of each tumor. Core tissue biopsy specimens (diameter 0.8 mm) were taken from these areas of individual donor blocks and precisely arrayed into a new recipient paraffin block with a custom-built precision instrument (Beecher Instruments, Silver Spring, Maryland). Four core tissue biopsies were obtained from each carcinoma specimen. After the block construction was completed, 5-m sections were cut with a microtome. The presence of tumor tissue on the arrayed samples was verified on hematoxylin-eosin-stained section.
GATA-4 Immunohistochemistry
The sections of tissue microarray were fixed in 4% paraformaldehyde and subjected to immunohistochemistry using a goat polyclonal anti-mouse GATA-4 IgG (Santa Cruz Biotechnology, Santa Cruz, California) as the primary antibody and a nonimmune goat IgG as control (Heikinheimo et al, 1997) . This antibody recognizes human as well as mouse GATA-4. A commercially available avidin-biotin immunoperoxidase system was used to visualize bound antibody (Vectastain Elite ABC Kit; Vector Laboratories, Burlingame, California). 3-Amino-9-ethylcarbazole (Sigma Chemicals, St. Louis, Missouri) was used as the chromogen, and the development reaction took place in the presence of 0.03% H 2 O 2 . The sections were counterstained with 10% hematoxylin. Clear nuclear staining was required for the result to be interpreted as positive.
Statistical Analysis
Statistical analyses were performed by using Fisher's exact test (two-tailed p-values) and the nonparametric Mann-Whitney U test.
